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Abstract – Organic pig production provides an animal-friendly alternative to conventional production systems, but one of the concerns associated with the outdoor production form is an increased exposure to Salmonella and Campylobacter in the environment that potentially impairs the food safety of organic pork. The available data on Salmonella infections in organic pigs is scarce, but seroprevalence has indicated a higher occurrence of Salmonella in outdoor pigs. The potential beneficial effects of e.g. late weaning, low animal density and roughage with respect to resistance to Salmonella infections are discussed on basis of an experimental infection study. The persistence of Salmonella in a contaminated paddock environment constitutes a potential infection risk for new pigs introduced into the paddock. The detection of several Salmonella types in pigs and environment, besides the test strain, indicates that outdoor pigs are exposed to Salmonella, although the source of these Salmonella types was not readily identified. Maintaining a good health in the pigs, and minimizing the build up of high contamination levels by isolation of heavily infected pigs, and cleaning of potential reservoirs for persistence of contamination like e.g. the shelter huts, should help to reduce Salmonella problems in outdoor pig production.​[1]​

Introduction
Organically produced meat is besides being animal-friendly often expected to constitute a healthier alternative to conventional products, but one of the concerns regarding outdoor animal production is an increased exposure to zoonotic bacteria like Salmonella and Campylobacter present in the environment. However, there is only limited data available on the actual prevalence of these bacteria in organic pigs and in pork at retail level. Nevertheless, testing based on the presence of antibodies against Salmonella has indicated a higher Salmonella prevalence in Danish free-range pigs and organic pigs, although the latter was not statistically significant (Wingstrand et al. 1999). 
The rearing conditions in organic pig production differ markedly from conventional pig production. These conditions may help to increase the resistance to Salmonella infections in organic pigs. The longer suckling period e.g. allows the establishment of a more robust intestinal flora that renders the pigs less susceptible to infections in relation to weaning stress and the lower animal density reduces the infection pressure. The inclusion of roughage in the diet tends to stimulate the growth of anaerobic bacteria involving increased production of organic acids and lowering of pH, which has been shown to reduce the numbers of Salmonella (Mikkelsen et al. 2004).

Salmonella infections in organic pigs
Via an experimental study, it was possible to establish Salmonella infections in organic pigs under organic rearing conditions at a research farm. Salmonella infections in pigs are usually manifested as subclinical infections with self-limiting diarrhoea, although clinical infections may occur. Overall, the obtained results showed that the infection susceptibility varied considerably between individual pigs and that Salmonella infections flourished in some groups of pigs (Jensen et al., 2005). The rooting behaviour involving ingestion of contaminated soil and the close contact in the huts probably averts some of the potential protective effect of e.g. low stocking density. The general health status of the pig is likely to influence the resistance to infections, which implies that the presence of Salmonella only in some cases will cause infections in the pigs. Furthermore, pigs are often healthy carriers of Salmonella with an intermittent shedding of bacteria in faeces, but the shedding of Salmonella may be re-activated due to stress e.g. in relation to transport and lairage. Therefore, good management practices and a general improval of animal health are likely also to lower the risk of Salmonella infections. 

Salmonella contamination in the paddocks 

















Figure 1. Illustration of possible pathogen transmission routes associated with the freerange livestock production form.
Salmonella control options 
A means to control Salmonella infections in conventional pig production is hygiene barriers. However, this is more difficult under the outdoor production form because it is an open system and cleaning of the soil environment is not possible. In the current study, examinations of soil samples from different locations in the paddock environment showed that Salmonella was spread over most of the paddock area probably assisted by the rooting activities of the pigs. The pathogen reducing effect of soil treatments like e.g. ploughing was not possible to assess in the current study, but the reported effects of ploughing seems contradictive (Hutchinson et al., 2004; Purvis et al., 2005). The shelter huts appeared to be a potential reservoir for persistence of Salmonella, but thorough cleaning including burning of the bedding material should help to reduce this contamination risk. Since many of the normal measures to prevent and control Salmonella in indoor production systems do not apply in outdoor organic production, the prevention of Salmonella introduction in the first place seems preferable. However, the detection of several Salmonella types different from the test strain in pigs and environment probably reflects the fact that Salmonella occurs widespread in nature and that the outdoor pigs will be exposed hereto. The performance of a small-scale wildlife survey on 22 rodents and 22 birds (mainly crow birds) did not reveal the potential source of Salmonella (Jensen et al., 2004). However, no conclusions should be based on this limited number of tested animals, as most animals are known to be potential hosts of Salmonella and transient infections may be easily overlooked. No Salmonella was detected in the paddock environment before introduction of the pigs, so the pigs themselves may seem an obvious source. Otherwise, the whole situation with the presence of pigs in the outdoor environment may induce interactions that increase the likelihood of Salmonella to occur. For example, flocks of crows and gulls frequently foraged in the nearby area and inside the paddocks. 
Alternative reservoirs of Salmonella or transmission vectors could be insects, other production animals, pets and feed. A control programme for Danish feed mills has significantly reduced the presence of Salmonella in pelleted feed, however, the feed may become cross-contaminated at any point until the time of consumption if the hygiene is insufficient during transport and storage.
The experimental study did not prove that potential beneficial effects of the organic rearing conditions reduce Salmonella in outdoor organic pigs. On the other hand, nothing indicated more severe Salmonella infections in the organic pigs. However, an extensive survey on organic pig farms would be necessary to fully address whether the prevalence of Salmonella is higher in organic pig production compared to conventional pigs. 
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